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ABSTRACT 


For  the  purpose  of  evaluating  the  resistance  of  materials  to  the 
thermal,  radiation  of  atomic  explosions,  the  critical  thermal  energies  and 
the  apparent  transmissions  of  six  canopy  materials  were  determined.  The 
materials  were  evaluated  by  exposure  to  the  Material  Laboratory  carbcn- 
arc  source  of  thermal  radiation  and  examination  of  the  consequent  damage 
to  the  cloths.  The  amount  of  radiation  transferred  through  the  materials 
was  determined  by  using  black  carbon  paper,  mounted  with  a l/l6-inch  air 
gap  behind  the  cloths.  The  methods  of  exposing  the  materials  to  determine 
initial  energies  and  of  measuring  the  apparent  transmissions  are  indicated. 
It  was  found  that  initial  effects,  whenever  observed,  occurred  between 
7.2  and  27  cal/cm^*  Destruction  of  the  cloths  occurred  at  values  ranging 
from  32  to  50  cal/cm^,  depending  upon  the  material  employed.  Apparent 
transmittance  values  of  less  than  3 per  cent  were  found  on  the  two 
aluminized  cotton  materials  and  the  butyl  coated  cotton  sateen  and  the 
highest  transmittance  (9  per  cent)  on  the  white  cotton  sateen. 
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Enel:  (1)  Critical  Thermal  Energies  of  Canopy  Materials 
(2)  Apparent  Transmission  of  Canopy  Materials 

AUTHORITY 

1.  This  investigation  is  part  of  the  program  Droposed  by  reference 
(a)  and  formally  approved  by  reference  (b).  The  investigation  of  the 
canopy  materials  was  requested  by  the  Wright,  Air  Development  Center. 

The  general  Thermal  Radiation  Program  is  under  the  supervision  of  the 
Armed  Forces  Special  Weapons  Project. 

INTRODUCTION 

2.  As  part  of  its  general  program  on  the  effects  of  the  thermal  radiation 
of  atomic  explosions,  the  Naval  Material  Laboratory  is  evaluating  the 
characteristics,  under  exposure  to  intense  thermal  radiation,  of  the 
various  materials  of  particular  interest  to  the  several  agencies  of  the 
Department  of  Defense.  As  data  become  available,  these  findings  are 
published. 

3.  The  six  canopy  fabrics  were  submitted  to  the  Material  Laboratory 
by  C.  A.  Willis,  Uniform  Textile  Section  (WCRTT-2),  Wright  Air 
Development  Center,  on  12  January  195Uo 

EQUIPMENT  AND  METHODS 

U.  The  critical  thermal  energies  of  the  canopy  materials  were  determined, 

/ employing  the  Naval  Material  Laboratory  carbon-arc  source  of  thermal 

radiation.  The  source  consists  of  an  11-ram  carbon  arc,  mounted  at  the 
focus  of  a reflector  which  collimates  the  emitted  energy.  A second  mirror, 
which  is  mounted  coaxially  at  n distance  of  twelve  feet  from  the  collimator, 
condenses  the  radiation  to  the  mirror's  focus.  Gradations  of  thermal 
damage  are  obtained  by  varying  the  effective  exposure  time  through  accelerating 
a 1 x 8-inch  specimen  transversely  through  the  focus.  The  carbon  arc  furnishes 
an  irradiance  of  85  cal/cm^sec  over  a central  area,  2-mm  in  width.  For  a 
better  approximation  of  the  laboratory  exposure  time  to  those  associated  with 
the  radiation  of  a nominal  atomic  bomb,  attenuating  screens  were  employed. 
Exposure  times  between  0.3  and  0.6  seconds  were  employed  for  radiant  exposures 
up  to  53  cal/cn20 
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5.  For  the  exposure,  the  fabrics  were  cut  into  lx8-mch  specimens  and  mounted 
l/l6-inch  above  a black,  heat-sensitive  carbon  paper,  fastened  on  glass 
melamine  blocks  which  were  provided  with  cut-outs  to  furnish  an  air  background 
behind  the  paper.  Using  attenuating  screens,  the  exposures  were  increased 

up  to  a value  of  50  cal/cm^,  and  a glass  silicone  mask  with  several  stops 
was  employed  to  reduce  flame  propagation  during  exposure.  Placing  black 
carbon  paper  under  the  cloths  and  examining  the  resulting  damage  of  the 
paper,  an  estimate  of  the  radiation  transmittance  was  obtained  from  the  ratio 
of  the  exposure  values  required  to  produce  certain  effects  on  the  paper  to  the 
total  exposure  values  required  to  produce  the  effects  directly. 

RESULTS 

6.  The  critical  thermal  energies  of  the  canopy  materials,  submitted  by  the 
Wright  Air  Development  Center,  were  defined  as  those  which  produce  certain 
characteristic  reproducible  effects  cn  the  materials,  such  as  charring  or 
destruction.  The  measured  critical  energies  are  given  in  Enclosure  (1). 

7.  It  may  be  noted  that  the  laboratory  exposures  have  been  made  under 
highly  controlled  conditions  and,  as  a rule,  give  results  which  can  fc° 
reproduced  very  well.  However,  for  several  reasons,  the  data  of  Enclosure 
(1)  should  be  used  with  caution,,  The  effects  to  be  observed  on  material 
surfaces  remain  unchanged  over  a considerable  range  of  exposures.  Since  the 
surface  effects  are  not  sufficiently  gradated  for  refined  evaluations,  only 
the  initial  stages  have  been  recorded.  The  effects  are  influenced  by  such 
factors  as  mounting,  geometry  of  material  and  of  exposure,  weathering  and 
moisture  content  at  the  time  of  exposure.  Differences  in  density, 
absorptivity,  chemical  composition,  weave,  and  surface  structure  are  r 
resp6hsibl.e  for  the  Trarying  effects  which  may  be  observed  from  area  to  area 
on  the  same  material..  Liquids  and  gases  form  during  exposure  to  thermal 
radiation,  even  in  a period  of  less  than  one  second,  thereby  affecting  the 
amount  of  thermal  radiation,  • incident  on  and  absorbed  by  the  surface.  A 
review  of  the  critical,  energy  values  shows  the  followings 

(a)  Except  for  flaming  or  total  destruction,  the  first  effects  observed 
on  the  cloths  occurred  at  radiant  exposures  of  from  7.2  to  2? 
cal/cm2. 

(b)  Of  the  six  materials,  the  aluminized  cotton  showed  the  earliest 
effects,  at  7.2  cal/cm^. 
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(c)  The  most  resistant  of  the  materials  were  the  white  cotton  sateen 
(9  oz/yd^)  and  the  silicone  rubber  coated  glass  fabric,  which 
were  not  affected  under  radiant  expoaura*  up  to  1*1  cal/cm^. 


(d)  All  of  the  materials  Earned  during  exposure.  The  new  aluminized 
cotton  flamed  at  the  lowest  exposure  values  of  21  cal/cm^  and  the 
silicone  rubber  coated  glass  fabric,  cotton  sateen  and  cotton 
duck  at  hi  cal/ cm^,  the  highest  value  for  this  damage. 


(e)  The  least  resistant  to  destruction  is  the  butyl  rubber  coated 
cotton  sateen  which  was  consumed  at  3?  cal/cm^. 


8.  The  apparent  transmittance  values  of  the  fabrics,  determined  b/  the 
effects  on  the  carbon  paper,  are  shown  on  Enclosure  ((2).  The  two  aluminized 
cotton  materials  and  the  butyl  coated  cotton  sateen  have  transmittance 
values  of  less  than  1 per  cent  below  exposures  of  9 cal/cm?.  For  exposures 
up  to  25  cal/cm*-,  these  threee  materials  have  apparent  transmittance  values 
of  less  than  3.1  per  cent.  The  remaining  three  materials  transmit  consider- 
ably more;  the  cotton  sateen  indicated  the  highest  transmission  value, 
approximately  9 per  cent. 


CONCLUSIONS 

9.  The  results  of  this  investigation  are  summarized  as  follows: 

(a)  Initial  effects  of  the  canopy  materials  occur  after  exposures  ranging 
from  7.2  to  27  cal/cm^. 

(b)  The  materials  flame  during  exposure  at  values  ranging  from  21  to 
hi  cal/cm 2, 

(c)  Butyle  rubber  coated  sateen,  cotton  sateen,  cotton  duck  and  silicone 
rubber  coated  glass  fabrics  are  progressively  more  resistant  to 
destruction. 

(d)  The  apparent  transmittances  of  the  aluminized  cotton  materials  and 
the  butyl  coated  cotton  sateen  are  the  lowest,  that  of  the  cotton 
sateen  is  the  largest  (approximately  9 per  cent). 

Approved : 


"V 


, ...  — 

-Jk.jB.  JONK,-^-r-t«PTAIN,  USN 
The  Director 
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Critical  Thermal  Energies 
of 

Canopy  Materials 

Submitted  by  the  Wright  Air  Development  Center 


Department  of  the  Air  Force 


MATERIAL 

DESCRIPTION  OF  EFFECT 

CRITICAL  ENERGY 
(cal/cm^) 

Cotton,  Aluminized 

Aluminum  dulls 

8.2 

Type"  I,  new 

Surface  chars 

18 

Flames  during  exposure 

21 

Cotton  chars  through 

31 

Destroyed  by  afterflame 
and  afterglow 

h 2 

CGOtton,  Aluminized 

Aluminum  dulls 

7.2 

Type  I,  previously 

9.5 

used  in  aircraft 

Surface  chars 

Cotton  chars  through 

19 

Flames  during  exposure 

?U 

Destroyed  by  afterflame 
and  afterglow 

3U 

Cotton,  Sateen, 

white,  9 Oz/sq.yd., 

Destroyed  by  after flame 

Mil-C-557 

and  afterglow 

Ui— 50 

Butyl  Rubber  Coated 

Surface  chars 

22 

Cotton  Sateen 

Destroyed  by  afterflame 

32 

Bleached  Cotton  Duck 

Chars  sporadically 

27 

lli.7  oz/sq»ydo 

Destroyed  by  afterflame 

and  afterglow 

bl-50 

Silicone  Rubber 

Flames  during  exposure 

Coated  Glass  fabric 

and  forms  powdered  ash 

ill 
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Apparent  Transmission 
of 

Canopy  Materials 

Submitted  by  the  Wright  Air  Development  Center 
Department  of  the  Air  Force 


EXPOSURE 

APPARENT 

'RAKSMISSION 

MATERIAL 

ON  CLOTH 
( cal/ cm 2) 

IBft!chd 

( cj®l/cm2) 

Per  cent 

Cotton,  Aluminized 

8,8 

0.055 

0.67 

Mil-C-76U6 , Type ( New) 

25 

<0.78 

<3.1 

Cotton,  Aluminized, 
Mil-C-76U6, previously  used 

8,6 

0.059 

0.69 

in  aircraft 

25,0 

<0.78 

<3,1 

Cotton  Sateen,  white 

0,61 

0.059 

9.7 

9 oz/sq.yd. 5Mil"C~557 

9,3 

0.78 

8oh 

Butyl  Rubber  Coated 

11 

0.059 

0.53 

Cotton  Sateen 

25 

<0.78  1 

<3.1 

Bleached  Cotton  Duck 
1U.7  oz/sq.yd 

.16 

0.78 

li.9 

Silicone  Rubber  Coated 

0.91 

0.059 

6.9 

Glass  Fabric 

12 

.u 

0.78 

6.5 
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Director,  Office  of  Naval  Research  Branch  Office,  1000  Geary  St., 

San  Francisco,  California  2 

Officer-in-Charge,  US  Naval  Clothing  Factory,  US  Naval  Supoly  Activities 

New  York,  3rd  Ave.,  & 29th  St.,  Brooklyn  32,  N.Y.  ATTN:  R&D  Div  1 

Commanding  Officer,  Naval  Medical  Field  Research  Laboratory,  Camp  Lejeune,NC  1 

AIR  FORCE 

Asst  for  Atomic  Energy,  Hqs,  USAF,  Washington  25,  D.C.  ATTN:  DCS/0  1 

Director  of  Operations,  Has,  USAF,  Washington  25,  D.C°  ATTN:  Ope*  h, ions 

Analysis  1 

Director  of  Plans,  Hns,  USAF,  Washington  25,  D.C.  ATTN:  War  Plans  1 

Directorate  of  Requirements,  Hqs,  USAF,  Washington  25,  D.C.  ATTN:  hFDRC-SA/M  1 

Directorate  of  Research  & Development,  Armament  Division,  DCS/D,  Hqs, 

USAF,  Washington  25,  D.C.  1 

Directorate  of  Intelligence,  Hog,  USAF,  Washington  25,  D.C.  ATTN:AFDIN-1B2  2 

The  Surgeon  General,  Hqs,  USAF,  Washington  25,  D.C.  ATTN:  Bio.  Def.  Br., 

Pre.  Med.  Div,  1 


Commander,  Strategic  Air  Command,  Offutt  AFB,  Omaha  Neb,  ATTN:  Chief 
Operations  Analysis 

Commander,  Tactical  Air  Command,  Langley  AFB,  Va.,  ATTN:  Doc  Sec  Br 
Commander,  Air  Defense  Command,  Ent  AFB,  Colorado 

Commander,  Air  Materiel  Command,  Vright-Patterson  AFB,  Dayton,  Ohio, 
ATTN?  MCAIDS 
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Commander,  Mr  Training  Command,  Scott  AF'B,  Belleville,  111. 

ATTN:  DCS/0  GTP  1 

Commander,  Air  Research  t Development  Command,  P0  Boy  1395, 

Baltimore,  Md. , ATTN:  RDDN  3 

Commander,  Air  Proving  Ground  Command,  Eglin  AFB,  FR.a.,ATTN:  AG/TRB  1 

Commander,  Air  University,  Maxwell  AFB,  Alabama  2 

Commander,  Flying  Training  Air  Force,  tJaco,  Texas,  ATTN:  Dir  of 
Observer  Training  2 

Commander,  Crew  Training  Ai r Force,  Randolph  AFB,  Randolph  Field, 

Texas,  ATTN:  2GTS,  DCS/O  1 

Commander,  Headquarters  Technical  Training  Air  Force,  Gulfport,  Miss. 

ATTN:  TA  & D ' 1 

Commander,  Air  Force  School  of  Aviation  Medicine,  Randolph  AFB,  Tex  2 

Commander,  Wright  Air  Develooment  Center,  Wright-* Patterson  AFB, 

Dayton,  Ohio,  ATTN:  WOO ESP  1 

Commander,  AF  Cambridge  Research  Center,  230  Albany  Street, 

Cambridge  39,  Mass.,  ATTN:  Atomic  Ware fare  Directorate  1 

CllHK,  Geophysics  Research  Directorate  1 

Commander,  AF  Special  Weapons  Center,  Kirtland  AFB,  N.N. 

ATTN:  Tech  Library  3 

Commander,  USAF  Institute  of  Technology,  Wright -Patterson  AFB, 

Dayton,  Ohio  ATTN:  Resident  College  1 

Commander,  Lowry  AFB,  Denver,  Colo.  ATTN:  Dept  of  Armament  Tng.  1 

OTHER  POD  ACTIVITIES 

Director,  Weapons  Systems  Evaluation  Group,  OSD,  Rm  2E1006,  Pentagon, 
Washington  25,  D.C.  1 

United  States  National  Military  Representative,  Headquarters,  SHAPE, 

APO  55,  c/o  PM  New  York,  N.Y.  ATTN:  Col.  J.P.  Healy  1 

Asst.  Secretary  of  Defense  for  Research  and  Development,  DOD, 

Washington  2$,  D.C.  ATTN:  Tech  Library  1 

Commandant,  Armed  Forces  Staff  College,  Norfolk  11,  Va.ATTN:  Secy  1 

Commanding  General,  Field  Command,  AFSWP,  P0  Box  5100,  Albuouerque, N.M . 6 
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Chief,  AFST,,p , PO  Box  2610,  Washington  13,  D.C.  l5 

PANEL  ON  THERMAL  RADIATION 

Dr.  H.  C.  Hottel.  Mass.  Institute  of  Technology,  Cambridge,  Mass.  1 

Dtr.  E.  0.  Hulburt,  Director  Naval  Research  Laboratory,  Washington  25, DC  1 

Dr.  H.  E.  Pearse,  Strong  Memorial  Hospital,  260  Crittenden  Blvd. , 

University  of  Rochester  7,  N.Y.  1 

Dr.  J.  D.  Hardy,  Aviation  Medical  Acceleration  Laboratory,  Naval 

Air  Development  Center,  Johnsville,  Pa.  1 

OTHERS 

Dr.  E.  F.  Cox,  Applied  Physics !Div,  Sandia  Corp,  Albuquerque,  N.M.  1 

Dr.  Alvin  C.  Graves,  Los  Alamos  Scientific  Lab.  Box  1663,  Los  Alamos,  N.M.  1 

Director,  Los  Alamos  Scientific  Lab.,  PO  Box  1663,  Los  Alamos,  N.M. 

ATTN?  E-ports  library  1 

Engineering  Research,  University  of  California,  PO  Box  h063,  Westwood 
Village  Statir.il,  Los  Angeles  2U,  Calif,  1 

Dr.  William  T.  ham  Jr.,  Medical  College  of  Virginia,  Richmond,  Va.  1 

California  Forest  and  Range  Experimental  Station,  US  Forest  Service, 

PO  Box  2U5,  Berkeley,  Calif.  ATTN:  W.L.  Fons,  Div  Forest  Fire  Research  1 


Prof.  G.C.  Williams,  Dept,  of  Cml.  Eng.,  Mass.  Institute  of  Technology, 
Cambridge,  Mass.  1 

Mr.  H.  D.  Bruce,  Forest  Products  Lab.,  No.  Walnut  St.,  Madison  Wise.  1 

Mr.  A. A.  Erown,  Chief,  Fire  Research  Div., Forest  Service,  USDA, 

Washington  25*  D.C.  1 

Technical  Operations  Inc.,  6 Schouler  Court,  Arlington  ?U,  Mass., 

ATTN:  Dr.  Frederick  C.  Henriques.  1 
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